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successful 2-vear experiment in

broadcasting time and standard
frequency signals from an earth satel-
lite has been completed by the Na-
tional Bureau of Standards.

Radiated downward from the Na-
tional Aeronautics and Space Admin-
istration’s ATS.3 satellite, the signals
came in strong and stable. They
blanketed the North and South Amer-
ican continents, much of the Atlantic
and Pacific oceans and part of Europe
and Africs, for a total of 40 percent
of the earth’s surface.

Satellite-relayed signals have high
signal-to-noise ratios, wide bandwidth
{permitting flexibility in signal input)
and line-of-sight propagation paths
free from fading. Signals with these
characteristics are especially helpful
in regulating and monitoring electric
power, recording times of -earth.
quakes and other events, monitoring
automobile and airplane traffic, con-
trolling timing of digital communica-
tions systems and performing other
significant functions.

New Horizons

In the future, a satellite system
based on this experiment may offer
continuous time and frequency broad-
casts as dependable as the local AM
or FM radio station, covering a large
global area with a timing accuracy
better than one one-hundred-thou-
sandth of a second.

Such a service would supplement
the NBS time and frequency stations,
WWYV and WWVH, which are limited
by noise and propagation path varia-
tions, and normally cover only 10 10
15 percent of the earth with equal
reliability.

In the experiment, a frequency-
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modulated 149-MHz (million cycles
per second) carrier wave was trans-
mitted for two 15-minute periods a
day from the NBS Boulder, Colo.,
laboratories to the satellite, which
then rebroadcast the signal back to
earth on a 135-MHz carrier.

The satellite was given the speed
needed to make one complete revolu-
tion in just 24 hours, which kept it
poised 36 kilometers (22.4 miles)
over a fixed point on the equator at
about 70 degrees west longitude.

Global Outposts

Four NBS-equipped receiving sta-
tions, widely distributed around the
point directly below the satellite, de-
termined that these satellite dissemi-
nated signals had better than a 25-
microsecond timing accuracy. The
stations were located at NBS Boulder
and Air Force Cambridge Research
Laboratory, Mass., in North Amer-
ica; and at the Smithsonian Astro-
physical Observatories at Arequipa,
Peru and Natal, Brazil.

During the experiment conducted
by D. Wayne Hanson, Wallace F.
Hamilton and Alvin J. D. Clements of
the NBS Time and Frequency Divi-
sion, the satellite-relayed signals were

based upon the NBS Frequency Stand-

ard and NBS Coordinated Universal
Time, both maintained at the Boulder
NBS Lahoratories.! A standard fre-
quency 1.kHz tone, second ticks,
voice announcement of the time of

day and satellite position and a time

Time signals are sent to the satellite
from this helical antenna located ot
NBS/Boulder.
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code were relayed to the earth
a day for 15-minute periods.
bandwidth for these signals w
kHz. Time recovery required o
techniques and simple path
computations. Frequency was d
from audio frequency modulatio
from time synchronization over
period of days. e

Accurate time recovery depended
primarily upon accurate satellife.
position information. A 300-meter }
path error, for instance, represented
a l-microsecond timing error. ATS.3 |
a geostationary satellite, maintained
a relatively fixed position in the sky
because it rotated synchron
around the earth. However, the &
lite deviated from a perfect 24-h
circular equatorial orbit. By occa.
sionally firing rockets on the satellit
scientists prevented the satellite

of the satellite-time
service gave receiver-antenna po
ing information and propagatio
time delays. The delay charts sl
about one-fourth-second delay
tween the master clock and the
via the satellite, and were zc
to a few milliseconds.

Most users employed a simple
tepna and inexpensive receiver
recognizable voice and second
reception. High-accuracy users ne
a high-gain antenna and a rece]
of high-sensitivity and selecti
Accessory equipment was also ne
to synchronize local time and fre
quency to satellite relayed signals.

Anticipating future needs,
Space Telecommunications World
Administration Radie Conference al
Geneva in June 1971 allocated a 400.1
+ 0.05-MHz channel for satellite
c&rﬂ} time and frequency b LB
Additional experiments are ne
for improving orbit determinatio
frequency dissemination and

format.
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